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The major objective of this study was to evaluate the effect of water soluble fat replacers on the growth of
bacteria of importance to processed meats. The first part of the study evaluated the effect of water
soluble fat replacers (Beneo™ GR, Beneo™ HPX, STA-LITE WSIII™, Fibersol-2 and Nutriose) on the
growth of Lactobacillus sakei and Listeria monocytogenes. Fibersol-2 appears to have the greatest potential
for replacing fat without compromising microbiological stability as increase in its water phase concen-
tration resulted in a significant increase in the lag phases of both Lb. sakei and L. monocytogenes. On the
other hand, Beneo™ GR stimulated the growth of L. monocytogenes, implying that its use could
compromise microbiological safety. In the second part of the study pork liver pate and low fat pate (30%
less fat) were challenged with L. monocytogenes. The low fat pate was determined to be microbiologically
less stable than the reference pate. This was a result of the low fat pate having significantly higher water
activity and pH values than those of the reference pate. The results of this study are of importance to the
meat processing industry to make more informed decisions when reducing and/or replacing fat.
© 2014 Elsevier Ltd. All rights reserved.1. Introduction
Fat reduction efforts in the food industry have largely been
driven by the association of fat-rich diets with the increased risk of
obesity, coronary heart disease and some types of cancer (AHA,
1996; Cengiz & Gokoglu, 2005). In The United States it has been
recommended that the total dietary intake of fat should not exceed
more than 30% of the total daily energy intake, with saturated fats
contributing a maximum of 10% and polyunsaturated fats ac-
counting for at least two-thirds of the daily intake (USDA &
USDHHS, 1995). Although fat intake in industrialized countries
has been reported to be declining due to the increased availability
and popularity of low and reduced fat products, fat consumption isþ32 9 225 5510.
rashe.Samapundo@UGent.bestill above the recommended levels and the prevalence of the
population classified as overweight is still increasing (Frazao,1996).
Fat contributes to the flavour, texture, mouthfeel and overall
sensation of lubricity of meat products (Mendoza, García, Casas, &
Seglas, 2001). Therefore, reduction of the fat content can affect the
acceptability of a product (Giese, 1996). Traditional techniques for
reducing fat without significantly affecting the sensory and func-
tional properties have been through the use of leaner materials and
the addition of water (Drake & Swanson, 1995). Fat may also be
replaced by reformulating the foods with lipid-, protein- or
carbohydrate-based ingredients individually or in combination
(Akoh, 1998; Drake & Swanson, 1995). These substances are
collectively known as fat replacers and consist of two distinct
groups e (i) fat substitutes and (ii) fat mimetics (Akoh, 1998). Fat
substitutes are mostly lipid- or fat-based macromolecules that
physically and chemically resemble conventional fats and oils and
therefore can replace fat on a weight basis (ADA, 2005). Fat mi-
metics are substances that can imitate the organoleptic or physical
properties of triglycerides. Unlike fat substitutes, fat mimetics
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mimetics are usually water soluble protein- or carbohydrate-based
products with a reduced caloric content of 0e4 kcal/g. A large and
growing number of fat substitutes and mimetics are now available
commercially.
Most of the studies on fat reduction and/or replacement in
meat products have focused on the sensorial and functional as-
pects. In contrast, only a few studies have considered the conse-
quences of fat reduction and/or replacement on the
microbiological stability and safety of food products. These include
Bloukas, Paneras, and Fournitzis (1997a, 1997b) who investigated
the effect of replacing pork back-fat with liquid olive oil in fer-
mented sausage formulations and Papadima and Bloukas (1999)
who investigated the effect of reducing the fat level of tradition-
ally processed Greek sausages on their quality during storage.
With regards to commercial fat replacers, Nowak, von Mueffling,
Grotheer, Klein, and Watkinson (2007) also evaluated the use of
a long chain inulin fat mimetic, Fibruline XL®, to replace fat in
German-type mortadella sausages. They determined that the use
of Fibruline XL® at levels up to 12% did not affect the microbio-
logical stability of the sausages. In addition to this, some of these
studies have also investigated the effect of fat replacers on the
development and activities of beneficial microbial flora during the
ripening of fermented meat products. Mendoza et al. (2001)
evaluated the use of the fat mimetic Raftiline® (inulin) to replace
fat in low-fat dry sausages with 25% less fat than the reference
product. They reported that the use of Raftiline® did not affect the
development and activities of the microbial flora during ripening.
dos Santos, Campagnol, Pacheco, and Pollonio (2012) evaluated
the use of NutraFlora®, a fructooligosaccharide based fat mimetic,
as a fat replacer in low fat cooked fermented sausages with 50%
less pork back-fat. They reported that use of up to 9% NutraFlora®
did not affect the microbial flora during production (fermenta-
tion). However, they determined that after 60 days of storage the
lactic acid bacteria and total mesophilic counts on the cooked
fermented sausages with 50% less pork back-fat and 6 and 9%
NutraFlora® were significantly (P < 0.05) less than those on the
reference full fat sausages.
Given the increasing availability (and number) of commercial fat
replacers, it has become necessary to assess the potential conse-
quences of their use on the microbiological safety and stability of
food products. This study had the major objectives of i) evaluating
the effects of several types of selectedwater soluble fat replacers on
the growth of Lactobacillus sakei and Listeria monocytogenes in
broth and ii) determining the consequences of fat reduction on the
stability of pork liver pate towards L. monocytogenes via challenge
tests. L. monocytogenes has been reported to occur and grow to
infective doses in pate (de Boer & Van Netten, 1990; Farber & Daly,
1994; Farber, McKellar,& Ross, 1995) whilst Lb. sakei is a commonly
occurring psychrotrophic lactobacilli which becomes dominant
when processed meat products are stored under anaerobic condi-
tions (Devlieghere, Debevere, & Van Impe, 1998; Samelis, Kakouri,
& Van Impe, 2000). This study is a follow-up to previous studies we
have performed on the consequences of NaCl reduction and/or
replacement on the microbial stability and safety of cooked ham
and white sauce (Samapundo et al., 2010, 2013).
2. Materials and methods
2.1. Isolates
L. monocytogenes LFMFP 235 and Lb. sakei LFMFP 221 (both
isolated from cooked ham) were used in this study. These are
maintained in the culture collection of the Laboratory of Food
Microbiology and Food Preservation (Ghent University).2.2. Evaluation of the effect of water soluble fat replacers on the
growth of L. monocytogenes and Lb. sakei in broth
2.2.1. Growth medium
de Man Rogosa Sharpe (MRS, Oxoid, Hampshire, United
Kingdom) broth and nutrient broth (NB, Oxoid, Hampshire, United
Kingdom) adjusted to pH 6.2 were used as the basic growth me-
diums for Lb. sakei and L. monocytogenes, respectively. The growth
medium was supplemented with 0, 3, 6 and 10% of the following
commercially available fat replacers: Beneo™ GR (92% inulin, 8%
glucose, fructose and sucrose, Beneo-Orafti, Oreye, Belgium),
Beneo™ HPX (100% inulin, Beneo-Orafti, Oreye, Belgium), STA-LITE
WSIII™ (polydextrose, Tate & Lyle, Erembodegem, Belgium),
Fibersol-2 (min. 90% soluble dietary fibre (digestion resistant
maltodextrin), Matsutani Chemical Industry Co. Ltd., Hyogo, Japan)
and Nutriose (soluble dietary fibre, ROQUETTE, Lestrem, France). In
all cases 99 ml of broth was placed in 250 ml Schott bottles and
sterilized by autoclaving (121 C for 30 min). Duplicates were
prepared per condition studied. The aw values of the broths pre-
pared were then measured by a AW SPRINT TH-500 Novasina
Thermoconstanter (Novasina, Pfapfikkon, Switzerland).
2.2.2. Inoculation, incubation and assessment of growth
To generate the inoculum, 10 ml of brain heart infusion (BHI,
Oxoid, Hampshire, United Kingdom) or MRS broth were inoculated
from pure slant cultures of L. monocytogenes and Lb. sakei, respec-
tively. The inoculated tubes were incubated overnight at 30 C. A
second sub-culture of each isolate was made in 10 ml of the same
type of broth and incubated for 16 h at 30 C after which the tubes
were transferred to 7 C for 6e8 h to enable the isolates to adapt to
the final storage temperature. Before inoculation, the temperature
adapted cultures were first serially diluted to approximately
104 CFU/ml. Thereafter 1 ml was aseptically added to 99 ml of the
sterilized broths with or without fat replacers to achieve a desired
initial inoculation level of ca. 102 CFU/ml. 1 ml samples were
immediately drawn-off aseptically from each bottle and serially
diluted in physiological peptone saline (PPS) [8.5 g NaCl (Fluka,
Germany) þ 1 g bacteriological peptone (Oxoid, Hampshire, United
Kingdom)]. The serial dilutions were then spread plated out on
tryptone soy agar (TSA, Oxoid, Hampshire, United Kingdom) for
L. monocytogenes and pour plated (with an over-layer) on MRS agar
for Lb. sakei to determine the exact initial inoculation levels.
Resultant colonies were counted after incubation for up to 48 h at
30 C.
The inoculated broths were stored at 7 C. 1 ml samples were
drawn of at regular intervals (dependent on the observed growth
rate) and the counts of L. monocytogenes and Lb. sakei were deter-
mined as described above for the initial inoculation level. The pH of
the media inoculated with the LAB was also determined at the end
of the incubation period.
2.3. Challenge tests
Parallel to the experiments described above pork liver pate
products with reduced fat levels were developed and optimized at
the pilot plant of the Research Group for Technology and Quality of
Animal Products (Catholic University College, Ghent, Belgium). Of
several formulations investigated, only a pate with 30% less fat was
selected for evaluation in the challenge tests as it most closely
resembled the reference product on the basis of sensorial and
functional quality (results not shown). The reference pate and pate
with 30% less fat consisted of mixture of liver, pork back-fat and
water at ratios of 30/40/30 and 30/13.3/56.7, respectively. Both
pate’s also contained sodium nitrite (120 ppm), NaCl (18 g/kg),
dextrose (5 g/kg), ascorbate (0.5 g/kg); sodium caseinate (10 g/kg),
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mon (0.2 g/kg) and onion powder (0.5 g/kg). The pate’s were pro-
duced as follows. Fresh pork liver was chopped for eight minutes
after which the NaCl was added and chopping was done for a
further two minutes. The resulting liver paste was then cooled to
7e10 C. At the same time, the pork back-fat was broiled for 20 min
and separated from the resulting cooking water. Sodium caseinate
was added to the broiled pork back-fat before chopping was done
for five minutes. The chopped liver paste and pork-back fat were
then combined together with part of the cooking water in the ratios
mentioned above, after which the rest of the ingredients were
added and chopping was done at 40 C for three minutes. The
resulting liver pate emulsionwas then filled into cans (250 g) which
were sealed and cooked at 76 C to a core temperature of 70 C. The
cans were then cooled to 4 C.
The exact experimental details of the challenge tests were as
follows. Reference pate and low fat pate were challenged with
L. monocytogenes. On arrival two samples of each type of pate
were collected to determine the aw and the pH (SevenEasy pH
meter, Mettler-Toledo, Urdorf, Switzerland). The initial microbi-
ological quality of each type of pate was determined as follows.
Two cans were randomly selected and samples (20 ± 1 g) were
aseptically collected from each can and placed in a sterile stom-
acher bag. The samples were then serially diluted in PPS and
spread plated out on PCA, pour plated (with an over-layer) on
PCA, pour plated (with an over-layer) on MRS agar, and spread
plated on YGC to determine the total aerobic, total anaerobic,
lactic acid bacteria and yeast (and mould) counts, respectively.
The plates were incubated at 30 C for up to 48 h before the
arising colonies were counted.
The inoculum of L. monocytogenes used in the challenge tests
was prepared and temperature adopted as described above for the
tests performed in broth. Inoculation was done in a laminar flow,
where 100 ml of a serial dilution of the L. monocytogenes sub-
culture at 7 C with approximately 106 CFU/ml was added to
100 g of pate to achieve an initial inoculation level of 103 CFU/g.
The pate was then thoroughly mixed (manually) before being
distributed as 50 g portions in high oxygen barrier bags
(dimensions ¼ 25 cm  30 cm  thickness of 110 mm; O2 Trans-
mission Rate ¼ 2 ml O2 (m2 24 atm.) at 23 C and 90% relative
humidity). 32 such portions were prepared per type of pate to
enable at most 16 duplicate analyses to be done in during storage.
Two samples from each type of pate were collected at this point to
determine the exact initial inoculation level and counts of general
microbioligical parameters i.e. total aerobic, total anaerobic, lactic
acid bacteria and yeast counts. The methods used are described
further below.
The 50 g portions were then packaged under a modified at-
mosphere with 30% CO2 (þ70% N2) using a MULTIVAC A300/42
machine (Sepp. Haggenmuller KG,Wolfertschwenden, Germany). A
gas to product ratio of 2/1 was applied. 32 packages of each type of
pate which were not inoculated were also prepared and packaged
in the same atmosphere. After packaging the pate was placed at
7 C. During the storage two samples (¼ two packages) of each type
of pate were randomly selected. The pate which was not inoculated
were sampled as frequently as the inoculated pate during the first
two weeks of storage, after which they were sampled once every
week. 10e12 g samples were collected aseptically from each of the
packages and serially diluted by PPS in sterile stomacher bag. The
total aerobic, total anaerobic, lactic acid bacteria and yeast (and
mould) counts were then determined as described above for the
experiments performed in broth, whilst the total Listeria counts
were determined by spread plating of the decimal dilutions on Agar
Listeria acc. to Ottaviani & Agosti (ALOA, BioMerieux Industry,
Marcy L'etoile, France).2.4. Data analysis
The flexible growth function of Baranyi and Roberts (1994) was
fitted to the growth datae log10 CFU/ml or log10 CFU/g as a function
of time (d), enabling the determination of the maximum growth
rate (mmax, log10 CFU/ml/d or log10 CFU/g/d) and the lag phase (l, d)
for each experimental condition. The fitting was done using SPSS®
Version 15.0 (SPSS Inc., Chicago, Ill., USA). Significant differences
were determined by comparing the 95% confidence intervals (CI)
for overlap or lack thereof.
3. Results and discussion
3.1. Effect of water soluble fat replacers on the growth of Lb. sakei in
broth
The estimated growth parameters of Lb. sakei, mmax (log10 CFU/
ml/d) and l (d), and their 95% CI's are shown in Table 1. As can be
seen in Table 1, addition of the water soluble fat replacers at a level
of 10% resulted in an insignificant (P > 0.05) increase the mmax of Lb.
sakei. It was also determined that no significant differences
(P > 0.05) occurred between the effects of the different fat replacers
investigated on the mmax at the same WPCs.
Some differences were observed with regards to the effect of
the water soluble fat replacers on the estimated lag phase dura-
tions of Lb. sakei. Increase in concentration of Beneo HPX from 0 to
10% resulted in gradual but an statistically insignificant (P > 0.05)
decrease in the lag phase of Lb. sakei from 0.3d to 0.24d. Increase in
the WPCs of Beneo GR and Nutriose from 0 to 3% resulted in an
statistically insignificant (P > 0.05) increase in the lag phase du-
rations from 0.3d to 1.9d and 0.8d, respectively. Further increase in
the concentrations of both Beneo GR and Nutriose from 3% to 10%
resulted in a gradual but statistically insignificant (P > 0.05)
decrease in the lag phase durations to 1.6 and 0.2 days, respec-
tively. The estimated lag phases of Lb. sakei at Beneo GR and
Nutriose at water phase concentrations of 6% and 10% were not
significantly different (P > 0.05) to the lag phase estimated at 0%.
Increase in the WPCs of STA-LITE® and Fibersol-2 from 0 to 10%
resulted in an increase in the lag phases of Lb. sakei, from 0.3d to
0.7d and 2.97d, respectively. However, whilst the lag phase
extension observed with STA-LITE®was not statistically significant
(P > 0.05), a statistically significant increase (P < 0.05) was
observed when the WPC of Fibersol-2 was increased from 0%
(0.3d) to either 3% Fibersol-2 (1.5d) and 6% Fibersol-2 (2.4d). Sta-
tistically significant differences (P < 0.05) were also observed be-
tween the estimated lag phases of Lb. sakei at 3 and 10% of
Fibersol-2. No significant differences (P > 0.05) were observed
between the estimated lag phases of Lb. sakei at Fibersol-2 con-
centrations of 3 and 6% and 6 and 10%.
Some differences were also observed between the effects of the
water soluble fat replacers on the lag phase duration of Lb. sakei at
water phase concentrations of 6 and 10%. At a WPC of 6%, the
estimated lag phase durations of Lb. sakei were significantly longer
(P < 0.05) in broth supplemented with Beneo GR (1.8d) and
Fibersol-2 (2.4d) than they were in broth supplement with Beneo
HPX (0.2d), STA-LITE® (0.7d) and Nutriose (0.8d). At a WPC of 10%,
the estimated lag phase durations of Lb. sakeiwere also significantly
longer (P < 0.05) in broth supplemented with Beneo GR and
Fibersol-2 than they were in broth supplement with Beneo HPX,
STA-LITE® and Nutriose. The aw values of all the broths prepared did
not differ significantly (P > 0.05) from those of the controls (results
not shown). Additionally, none of the components have any known
antimicrobial activities, indicating that the differences observed
were largely a result of the ability of Lb. sakei to utilize them as a
carbon or nutrient source.
Table 1
Estimated growth parameters of Lb. sakei grown in the presence of various concentrations of water soluble fat replacers at 7 C.
Fat replacer Growth parameter Concentration
0% 3% 6% 10%
mmax (log10 CFU/ml/d)
Beneo HPX 0.785*a*** (0.679e0.890)** 0.836a 1**** (0.634e1.037) 0.895a 1 (0.736e1.055) 0.963a 1 (0.748e1.177)
Beneo GR 0.785a (0.679e0.890) 1.026a 1 (0.847e1.2 05) 1.015a 1 (0.869e1.162) 1.032a 1 (0.858e1.207)
STA-LITE 0.785a (0.679e0.890) 0.831a 1 (0.615e1.047) 1.008a 1 (0.884e1.132) 0.984a 1 (0.855e1.112)
Fibersol-2 0.785a (0.679e0.890) 0.842a 1 (0.748e0.936) 0.853a 1 (0.792e0.913)a 1 0.865a1 (0.796e0.934)
Nutriose 0.785a (0.679e0.890) 0.892a 1 (0.563e1.222) 0.964a 1 (0.833e1.095) 0.923a 1 (0.819e1.027)a 1
l (d)
Beneo HPX 0.33a (0e1.24) 0.33a 1 (0e1.89) 0.20a 1 (0e1.26) 0.24a 1 (0e1.55)
Beneo GR 0.33a (0e1.24) 1.92a 1 (0.97e2.87) 1.79a 1 2 (0.98e2.59) 1.63a 1 2 (0.72e2.54)
STA-LITE 0.33a (0e1.24) 0.22a 1 (0e1.94) 0.70a 1 (0.03e1.37) 0.66a 1 (0e1.40)
Fibersol-2 0.33a (0e1.24) 1.53a b 1 (0.73e2.33) 2.35b c 2 (1.84e2.86) 2.97c 2 (2.39e3.55)
Nutriose 0.33a (0e1.24) 0.804a 1 (0e2.98) 0.78a 1 (0.02e1.53) 0.17a 1 (0e0.84)
*estimated growth parameter, **95% confidence interval,***different superscript letters indicate where significant differences (P < 0.05) occurred between the various
concentrations evaluated of a particular fat replacer, ****different superscript numbers indicate where significant differences (P < 0.05) occurred between the effects of the fat
replacers at a particular concentration.
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commercial fat replacer on the growth of lactic acid bacteria has
been explicitly reported. Ramchandran and Shah (2008a) reported
that Versagel® (a modified whey protein-based fat replacer)
improved the growth of Streptococcus thermophilus and inhibited
the growth of Lactobacillus delbreuckii ssp. bulgaricus, Lactobacillus
casei and Lactobacillus acidophilus, which are used as started cul-
tures in yoghurt production. As a result of differences in the ratios
of lactic and acetic acid produced by the L. delbreuckii ssp. bulgaricus
and L. acidophilus in the presence of Versagel®, Ramchandran and
Shah (2008a) suggested that Versagel® shifted the metabolic
pathways of these microorganisms. Ramchandran and Shah
(2008b) reported that the use of Versagel® to produce low fat
yoghurt reduced the fermentation time by 20 min compared to the
control; indicating its presence improved the growth of the starter
culture cocktail consisting of S. thermophilus and delbreuckii ssp.
bulgaricus. Mendoza et al. (2001) evaluated the use of Raftiline®
(inulin) as a fat replacer in low fat dry sausages with 25% less fat
than the reference product. They reported that the use of Raftiline®
did not affect the development and activities of the microbial flora
during ripening. Nowak et al. (2007) evaluated the use of a long
chain inulin, Fibruline XL®, to replace fat in German-type morta-
della sausages. They reported that the use of Fibruline XL® at levels
up to 12% did not affect themicrobiological stability of the sausages.
dos Santos et al. (2012) evaluated the use of NutraFlora®, a fruc-
tooligosaccharides, as a fat replacer in low fat cooked fermented
sausages with 50% less pork back-fat. They determined that use ofTable 2
Estimated growth parameters of L. monocytogenes grown in the presence of various con
Fat replacer Growth parameter Concentration
0% 3%
mmax (log10 CFU/ml/d)
Beneo HPX 0.525*a*** (0.456e0.593)** 0.560a b
Beneo GR 0.525a (0.456e0.593) 0.565a 1
STA-LITE 0.525a (0.456e0.593) 0.520a 1
Fibersol-2 0.525a (0.456e0.593) 0.427a 1
Nutriose 0.525a (0.456e0.593) 0.479a 1
l (d)
Beneo HPX 4.57a (3.15e5.98) 4.03a 1 (
Beneo GR 4.57a (3.15e5.98) 3.94a 1 (
STA-LITE 4.57a (3.15e5.98) 3.97a 1 (
Fibersol-2 4.57a (3.15e5.98) 5.34a b 1
Nutriose 4.57a (3.15e5.98) 5.40a 1 (
*estimated growth parameter, **95% confidence interval,***different superscript letter
concentrations evaluated of a particular fat replacer, ****different superscript numbers ind
replacers at a particular concentration.up to 9% NutraFlora® did not affect the microbial flora during
production (fermentation). However, it was determined that after
60 days of storage the lactic acid bacteria and total mesophilic
counts on the cooked fermented sausages with 50% less pork back-
fat and 6 and 9% NutraFlora®were significantly (P < 0.05) less than
those on the reference full fat sausages.
3.2. Effect of water soluble fat replacers on the growth of
L. monocytogenes in broth
The estimated growth parameters of L. monocytogenes, mmax
(log10 CFU/ml/d) and l (d), and their 95% CI's are shown in Table 2.
As can be seen the responses of L. monocytogenes to the water
soluble fat replacers were in some instances different to those of Lb.
sakei. With regards to the effect of the concentration of the fat re-
placers on the mmax, it can be seen that only the addition of Beneo
GR and Beneo HPX increased the mmax of L. monocytogenes relative
to the control (0%). Moreover, when Beneo HPX was added at
concentrations 3%, the estimated mmax's of L. monocytogeneswere
significantly (P < 0.05) faster than those at 0%. Although the mmax
increased gradually from 0.560 log10 CFU/ml/d at 3% Beneo HPX to
0.665 log10 CFU/ml/d at 10%, this increase was not statistically
significant (P > 0.05). Increase in concentration of Beneo GR also
had a similar effect on the mmax of L. monocytogenes, however, the
increase observed in this case was not significant. STA-LITE,
Nutriose and Fibersol-2 had a significant effect (P < 0.05) on the
mmax of L. monocytogenes. However, unlike Lb. sakei, an increase incentrations of water soluble fat replacers at 7 C.
6% 10%
1**** (0.465e0.655) 0.630a b 1 (0.572e0.688) 0.665b 1 (0.6040.725)
(0.475e0.655) 0.609a 1 (0.561e0.657) 0.677a 1 (0.592e0.762)
(0.458e0.582) 0.546a 1 2 (0.419e0.673) 0.512a 2 (0.465e0.558)
(0.370e0.484) 0.373a 1 (0.298e0.448)a 2 0.413a 2 (0.350e0.476)
(0.415e0.543) 0.407a 2 (0.354e0.461) 0.444a 2 (0.388e0.500)
2.41e5.65) 3.61a 1 (2.86e4.36) 3.17a 1 (2.36e3.98)
2.44e5.44) 3.62a 1 2 (2.61e4.63) 2.73a 1 2 (1.99e3.48)
2.76e5.18) 4.67a 1 (2.41e6.94) 3.96a 1 (3.03e4.90)
(3.62e7.05) 6.75a b 1 (4.08e9.41) 8.55b 2 (6.88e10.21)
3.85e6.94) 5.35a 1 (3.98e6.73) 6.47a 2 (5.15e7.80)
s indicate where significant differences (P < 0.05) occurred between the various
icate where significant differences (P < 0.05) occurred between the effects of the fat
Table 3
Estimated growth parameters of L. monocytogenes on reference pate and low (30%)
fat pate.
Growth parameter Reference pate Low fat pate
mmax (log10 CFU/g/d)
estimate 0.152 0.205
95% CI 0.133e0.171a* 0.157e0.252a
l (d)
estimate 35 13
95% CI 33e37a 10e16b
*different superscript letters indicate where significant differences (P < 0.05)
occurred between the conditions evaluated.
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Fibersol-2, resulted in a decrease gradual decrease in the mmax of
L. monocytogenes from 0.525 log10 CFU/ml/d in the control to 0.413
and 0.444 log10 CFU/ml/d, respectively, at a concentration of 10%.
This could reflect differences in the capacity of the two isolates to
utilize the fibre based fat replacers as an energy or carbon source.
With regards to the effect of the fat replacers on the lag phase, it
can be seen that only the addition of Beneo GR and Beneo HPX
gradually decreased the lag phase of L. monocytogenes from 4.57d
(in the control) to 2.73d and 3.17d, respectively, at a WPCs of 10%.
However, the reduction observed was not significant (P > 0.05) in
both cases. The addition of Nutriose and Fibersol-2 had the oppo-
site effect, increasing the lag phase from 4.57d in the control to
6.47d and 8.55d, respectively. The lag phases estimated for the
growth of L. monocytogenes in the presence of up to 10% Nutriose
were determined to be statistically non-significant (P > 0.05) from
the control whilst those in media supplemented with Fibersol-2
were determined to be significantly longer (P < 0.05) than the
controls as from a WPC of 3%. The presence of STA-LITE® did not
have any significant effect on the lag phase of L. monocytogenes and
no particular trends could be noted.
It appears from these results that Beneo HPX and Beneo GR
enhance the growth of L. monocytogenes, whilst Nutriose and
(especially) Fibersol-2 partially retard growth. BeneoGR contains 8%
sugars (glucose, fructose and sucrose) which can be readily utilized
by L. monocytogenes, resulting in enhanced growth compared to the
control, whilst the dietary fibres (Nutriose and Fibersol-2) were
most likely not utilizable by L. monocytogenes. The aw values of all
the broths prepared did not differ significantly (P> 0.05) from those
of the controls, implying that the differences observed, especially
those in the presence of Fibersol-2, relative to the controls were due
to their potential to be used as a carbon source as none of the
components have any known antimicrobial activities.
No studies were found in literature in which the effect of com-
mercial fat replacers on the growth of L. monocytogenes has been
evaluated.3.3. Challenge tests
Fig. 1 show plots of the total aerobic bacteria and inoculated
L. monocytogenes (counts on ALOA) as a function of time on the
different types of pate evaluated. Table 3, shows the estimated
growth parameters (mmax, log10 CFU/ml/d and l, d) and their 95%
confidence intervals. The reference pate and the reduced fat (30%)
had aw values of 0.976 ± 0.001 and 0.986 ± 0.001 and pH values ofFig. 1. Evolution of the counts of total aerobic bacteria and L. monocytogenes on the
reference and reduced fat pate’s stored at 7 C.6.48 ± 0.01 and 6.54 ± 0.02, respectively. According to a paired t-
test performed in SPSS, the aw and pH values of the reference pate
were significantly lower (P < 0.05) than those of the reduced fat
pate.
The canned pate was determined from the initial samples to
have total aerobic, lactic acid, yeast and Listeria counts below the
detection limit i.e. <1 log CFU/g. The total aerobic, lactic acid, yeast
and Listeria counts on uninoculated samples remained below the
detection limit throughout the incubation period (results not
shown). This indicated that the growth we observed on the inoc-
ulated pork liver pate was that of the inoculated microorganism.
This assumption is also supported by the close agreement between
the total aerobic and Listeria (ALOA) counts during the storage
period. It can be seen in Fig. 1 and Table 3 that a significantly
(P < 0.05) longer lag phase occurred on the reference pate (35d)
than on the low fat pate (13d). However, the estimated mmax in the
low fat pate (0.205 log10 CFU/ml/d) was insignificantly (P > 0.05)
faster than that estimated for growth on the reference pate
(0.152 log10 CFU/ml/d). The differences observed in the growth of
L. monocytogenes may be due to the differences in the aw and pH
values which were both significantly higher (P < 0.05) in the low fat
pate. It can be inferred from the results of the challenge tests that
reduction of the fat level by 30% results in pate which is far less
stable with regards to L. monocytogenes. This could potentially be
the case for most pathogens.
As mentioned earlier only a handful of studies have reported the
potential microbiological consequences of fat reduction in meat
products. These include Bloukas et al. (1997a) who reported that
low fat frankfurters (9% fat) produced with olive oil had a signifi-
cantly higher moisture content than control (high fat) frankfurters
(27% all animal fat), resulting in the low fat frankfurters having a
shorter microbially determined shelf-life of three weeks at 4 C
compared to four weeks for the control. Bloukas et al. (1997b)
investigated the effect of replacing 10 and 20% of pork back-fat
with liquid olive oil in fermented sausage formulations. They
determined that the moisture content after production did not
differ significantly between the controls and sausages in which 10
or 20% of the pork back-fat had been replaced. They also reported
that no significant differences occurred between the lactic acid
bacteria andMicrococcaceae counts as a function of the level of pork
back-fat replacement during a 26 day processing period. However,
no further microbiological examinations were done after the pro-
cessing period to determine if differences in the microbial shelf-
stability occurred. Lopez-Lopez, Cofrades, and Jimenez-Colmenero
(2009) determine that the use of olive oil to replace 50% of the
pork back-fat in low fat frankfurters resulted in products which
were microbially less stable. Higher total viable counts were found
on the frankfurters produced with olive oil from the 14th day of
storage at 4 C. Papadima and Bloukas (1999) also reported an in-
crease of the moisture content with a decrease in the fat level of
traditionally processed Greek sausages. Sausages with 10, 20 and
30% fat had moisture contents of 69.8, 63.8 and 59.1%, respectively.
S. Samapundo et al. / LWT - Food Science and Technology 61 (2015) 316e321 321Whilst the differences in moisture content did not affect the lactic
acid bacteria counts during storage, it was determined that lower
counts of Gram negative bacteria were obtained on sausages with
20 and 30% fat compared to those with 10% fat. As no aw mea-
surements are stated in any of these studies it is difficult to compare
any of these studies with our findings on liver pate.
4. Conclusions
At the concentrations studied, water soluble fat replacers appear
to have a largely species dependent effect on bacterial growth.
Fibersol-2 appears to have the greatest potential for replacing fat
without compromising the microbiological safety and stability.
Beneo GR could potentially reduce the safety as it stimulated the
growth of L. monocytogenes. Reduction of fat by 30% in liver pate
reduced the safety of this product with regards to L. monocytogenes.
This was mainly a result of a significant increase in both the aw and
pH in the reduced fat pate. However, it has to be mentioned that
this study did not evaluate the effect of a water soluble fat replacer
on the microbial stability and safety in a real food product. The
actual effect of fat replacers may be different in a real food product
where other factors influencing growth are present and interacting
i.e. atmosphere, preservatives, competing flora etc. Therefore,
future experiments evaluating fat replacers should preferentially be
in the form of challenge tests.
The results from this study are of importance to the meat pro-
cessing industry as they can be used (together with the more
widely available data on the effects of fat replacers on the tech-
nological and sensorial quality of meat products) to make more
informed decisions when reducing and/or replacing fat in meat
products.
Acknowledgements
The authors are grateful to Flanders' FOOD (Kunstlaan 43, 1000,
Brussels, Belgium) for their financial support.
References
ADA. (2005). Position of the American Dietetic Association: fat replacers. Journal of
the American Dietary Association, 105, 266e275.
AHA. (1996). Dietary guidelines for healthy Americans. Circulation, 94, 1795e1800.
Akoh, C. C. (1998). Fat replacers. Food Technology, 52, 47e53.
Baranyi, J., & Roberts, T. A. (1994). A dynamic approach to predicting bacterial
growth in food. International Journal of Food Microbiology, 23, 277e294.
Bloukas, J. G., Paneras, E. D., & Fournitzis, G. C. (1997a). Sodium lactate and pro-
tective culture effects on quality characteristics and shelf-life of low-fat frank-
furters produced with olive. Meat Science, 45, 223e238.Bloukas, J. G., Paneras, E. D., & Fournitzis, G. C. (1997b). Effect of replacing pork
backfat with olive oil on processing and quality characteristics of fermented
sausages. Meat Science, 45, 133e144.
de Boer, E., & Van Netten, P. (1990). De aanwezigheid en groei van Listeria mono-
cytogenes in pate. Voedingsmiddelentechnologie, 23, 15e17.
Cengiz, E., & Gokoglu, N. (2005). Changes in energy and cholesterol contents of
frankfurter-type sausages with fat reduction and fat replacer addition. Food
Chemistry, 91, 443e447.
Devlieghere, F., Debevere, J., & Van Impe, J. (1998). Effect of dissolved carbon dioxide
and temperature on the growth of Lactobacillus sake in modified atmospheres.
International Journal of Food Microbiology, 41, 231e238.
Drake, M. A., & Swanson, B. G. (1995). Reduced and low fat cheese technology.
Trends in Food Science and Technology, 6, 366e369.
Farber, J. M., & Daly, E. (1994). Presence and growth of Listeria monocytogenes in
naturally-contaminated meats. International Journal of Food Microbiology, 22,
33e42.
Farber, J. M., McKellar, R. C., & Ross, W. H. (1995). Modelling the effects of various
parameters on the growth of Listeria monocytogenes on liver pate. Food
Microbiology, 12, 447e453.
Frazao, E. (1996). The American diet: a costly health problem. Food Review, 19, 2e6.
Giese, J. (1996). Fats, oils and fat replacers. Food Technology, 50, 78e83.
Lopez-Lopez, I., Cofrades, S., & Jimenez-Colmenero, F. (2009). Low-fat frankfurters
enriched with n-3 PUFA and edible seaweed: effects of olive oil and chilled
storage on physicochemical, sensory and microbial characteristics.Meat Science,
83, 148e154.
Mendoza, E., García, M. L., Casas, C., & Seglas, M. D. (2001). Inulin as fat substitute in
low fat, dry fermented sausages. Meat Science, 57, 387e393.
Nowak, B., von Mueffling, T., Grotheer, J., Klein, G., & Watkinson, B.eM. (2007).
Energy content, sensory properties, and microbiological shelf life of German
Bologna-type sausages produced with citrate or phosphate and with inulin as
fat replacer. Journal of Food Science, 72, S629eS638.
Papadima, S. N., & Bloukas, J. G. (1999). Effect of fat level and storage conditions on
quality characteristics of traditional Greek sausages. Meat Science, 51, 103e113.
Ramchandran, L., & Shah, N. P. (2008a). Effect of Versagel® on the growth and
metabolic activities of selected lactic acid bacteria. Journal of Food Science, 73,
M21eM26.
Ramchandran, L., & Shah, N. P. (2008b). Effect of addition of Versagel® on microbial,
chemical, and physical properties of low fat yoghurt. Journal of Food Science, 73,
M360eM367.
Samapundo, S., Ampofo-Asiama, J., Anthierens, T., Xhaferi, R., Van Bree, I.,
Szczepaniak, S., et al. (2010). Influence of NaCl reduction and replacement on
the growth of Lactobacillus sakei in broth, cooked ham and white sauce. Inter-
national Journal of Food Microbiology, 143, 9e16.
Samapundo, S., Anthierens, T., Ampofo-Asiama, J., Xhaferi, R., Van Bree, I.,
Szczepaniak, S., et al. (2013). The effect of NaCl reduction and replacement on
the growth of Listeria monocytogenes in broth, cooked ham and white sauce.
Journal of Food Safety, 33, 59e70.
Samelis, J., Kakouri, A., & Rementzis, J. (2000). Selective effect of the product type
and the packaging conditions on the species of lactic acid bacteria dominating
the spoilage microbial association of cooked meats at 4C. Food Microbiology, 17,
329e340.
dos Santos, B. A., Campagnol, P. C. B., Pacheco, M. T. B., & Pollonio, M. A. R. (2012).
Fructooligosaccharides as a fat replacer in fermented cooked sausages. Inter-
national Journal of Food Science and Technology, 47, 1183e1192.
USDA, & USDHHS. (1995). Nutrition and your health: Dietary guidelines for Americans
(4th ed.) Home and Garden Bulletin 232.
